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Devastation of Christchurch
12:51pm Feb 22nd 2011
182 people killed
50% of roads destroyed
600 buildings had to be
demolished
6000 homes destroyed
80% without power
80% of water and
sewerage damaged
Horizontal PGA ≈1.0g    Vertical PGA ≈1.8g    Return period ≈2500 years
(design PGA=0.22g)
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• Structural resilience
Design for Rare Events?
• Need for displacement-based analysis of failure mechanisms for direct
assessment / design for structural resilience
resilient
structure
non-resilient
structure
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Building in Christchurch
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Pushover Analysis by Ruggiero: Augustus-II
Failure Mechanisms and Deformation Capacity
of Structural Members
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Photograph: Bentz 2008
Deep beam
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Photograph: Russell Berkowitz, Christchurch 14.03.2011
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Tests of Deep Beams
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FE Modeling of Deep Beams
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Program VecTor2, F.J. Vecchio, University of Toronto
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Modeling of Deep Beams – Kinematic Approach
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Slender Beams
Plane sections remain plane hypothesis
Robert Hooke 1678
Measured deformations
Deep Beams
Measured deformations
Simple kinematic
conditions for deep
beams?
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2PKT for Complete Response of Deep Beams
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2PKT for Ultimate Response of Deep Beams
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Tests by Zhang & Tan, 2007
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Double-Curvature Bending of Deep Beams
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Short Coupling Beams
Adapted from Subedi 1999
Shear wall
Coupling beam
Adapted from Paulay 1971
Cracked
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D Regions in Slender Beams/Columns
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Wall Type Bridge Piers
Passerelle, Liège Passerelle, Liège
Pont d’Ougrée, Standard Viaduc de Remouchamps
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Wall Type Bridge Piers
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Empirical Models for Deformation Capacity
Biskinis and Fardis, 2010
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Macro Models for D Regions Combined with Sectional
Models for B regions to Study Structural Resilience
Augustus-II (Bentz 2011)
Structural Resilience Analysis
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Tоwards More Resilient Urban Infrastructure
Toronto Canada
Boyan Mihaylov
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